Running title: Interannual predictions using the IPCC ensemble mean 6 2 We present a simple method to make multi-year surface temperature forecasts using the 7 climate change simulations of the IPCC AR4 project. By calibrating the multi-model 8 ensemble mean with current observations, we are able to make skillful interannual 9 forecasts of mean temperatures. The method is validated using extensive hindcast 10 experiments and is shown to perform favorably compared to a recently presented 11 forecast method based on a global circulation model with assimilated initial conditions. 12
We present a simple method to make multi-year surface temperature forecasts using the 7 climate change simulations of the IPCC AR4 project. By calibrating the multi-model 8 ensemble mean with current observations, we are able to make skillful interannual 9 forecasts of mean temperatures. The method is validated using extensive hindcast 10 experiments and is shown to perform favorably compared to a recently presented 11 forecast method based on a global circulation model with assimilated initial conditions. 12 for the first time, a mid-term, interannual global forecast which accounts for the effect of 31 external forcing as well as internal variability. This system is based on a state of the art 32 dynamical global climate model and takes into account the observed state of the 33 atmosphere and ocean in order to predict the internal variability out to decadal time-34 scales. However, because this kind of forecast system is still developmental, the skill of 35 the forecast needs to be weighed against the large technical and computing effort needed 36 to implement such a system. 37 38 6 rest of the study. The models BCC-CM1 and MRI-CGCM2.3.2 as well as the SRESB1, 85 CSIRO-Mk3.0 runs were removed from the set to avoid discontinuities in 2000 as they did 86 not restart from the last year of the 20C3M run. 87
88
For the next decade, the differences in the forcing of the scenarios are small [Zwiers, 89 2002] so, in order to increase the size of our ensemble, we regard the scenarios as equally 90 likely and have included runs from all three. By taking the mean over all the ensemble 91 members of the models and over these three scenarios we are able to remove most of the 92 internal variability of the models. The resulting non-volcanic ensemble mean timeseries 93 are shown in Figure 1a -c together with the observed timeseries. 94
95
In order to create a prediction of a temperature timeseries for the years n+1 onwards, a 96 bias correction is needed to shift the ensemble mean to the current state of the observed 97 temperatures. The current state is estimated using a number of years, N, before the 98 current date, n. The correction then involves subtracting an average of the ensemble 99 mean values over these years (n-N,n-N+1, …, n) and adding an average of the observed 100 values over these years. 101
102
Applying this bias correction, we then predict future temperature values from simulated 103 values for the years n+1 onwards. We call this IPCC ensemble based method IENS. 104
105
As reference predictions, we provide an optimal persistence forecast which is the mean of 106 the N years before the current date (we call this FLAT), and a simple persistence estimate7 which is the value of the year before the forecast (equivalent to N=1, we call this 108 PERSISTENCE). By the construction of the FLAT forecast, the IENS forecast will have 109 higher skill if the fluctuations simulated by the models are in average realistic. If the 110 climate models predicted constant values both forecasts would be the same. We note 111
here that a linear trend prediction, modeled using an optimized window length for the 112 trend fit, was initially included for comparison. Although not shown here, the skill of this 113 forecast was always less than that of the IENS method, and often less than for the FLAT 114 To compare these prediction methods, we use an estimate of the RMSE of hindcast 145 experiments. Retrospective forecasts are calculated using the same technique as for the 146 future forecasts. For each hindcast year, the window length for the FLAT and the IENS 147 method are re-estimated using all data except an interval of 10 years surrounding the 148 years to be hindcast. This is done to minimize the artificial inflation of forecast skill 149 which occurs when the window length, N, is estimated using the same data as is used to 150 validate the forecast. This method of independently re-estimating N for each hindcast 151 year accounts for the uncertainty in its estimation. 152
Because there is a limited hindcast period, we also supply the 90% bootstrapping 154 confidence intervals to estimate the uncertainty of the estimate of the RMSE. These 155 confidence intervals are derived by randomly sampling (with replacement), m observed 156 values together with their hindcast predictions. Here m is the total number of years used 157 in the validation study for the hindcast. This is repeated 10,000 times and a RMSE is 158 estimated each time to derive a distribution. 159
160
There are some reasons why the hindcast RMSE may be a conservative estimate of the 161 forecast RMSE: 162 1.) In the case that there is no volcano in the forecast period, the error may be less than 163 the estimate since the hindcast is performed over past periods which did include 164 volcanoes. 165 2.) The mean of three scenarios is used for the forecast, but there is only one scenario for 166 most hindcast years. Therefore, the residual of the internal variability is smaller for years 167 after 2000, which might reduce the forecast error. Table 1 . Compared to the recent decade, global mean temperature is predicted to 246 increase more than the other temperature predictions. This is due to the model ensemble 247 mean which predicts a stronger temperature increase in GL than in NH. One reason for 248 this may be a slight decrease in the Atlantic Thermohaline Circulation (THC) in the 249 models as a response to increasing CO 2 [Gregory et al., 2005] . The THC reduction has a 250 stronger effect on NH than on GL [Knight et al., 2005] temperature is predicted to increase faster than the NH mean temperature which may be 277 due to a slight decrease in the thermohaline circulation which some models are 278 simulating as a response to increasing CO 2 . 279
280
Since we envision that dynamical forecasting using assimilated initial conditions is 281 actually the future for predictions on these time scales and yet acknowledge the huge 282 technical and computing resources that this requires, we suggest that the presented simple 283 forecasting method can serve as a benchmark for future prediction schemes. 
